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Abstract

The Visualization of different possible partitions of a set into two and three non-empty non-labeled subsets

is seen. visualization of different possible Two-covers of a set reveal fractal shapes. Presently the shapes

for the partitions into three non-empty subsets and the Two-covers, are similar to the one produced by
Sierpinski’s Triangle.

Introduction

A network is said to have community structure if the nodes of the network can be easily grouped into

(potentially overlapping) sets of nodes such that each set of nodes is densely connected internally. A
particular node may belong to more than one community. There is research presently being conducted in
this field to evaluate new results to find optimal communities for a given graph. Based on a particular

metric the optimal solution can be found for a given graph. Computing all possible solutions requires
rigorous evaluation and very large search space. An algorithm has been presented previously that describes
all possible communities of a graph.

Figure 1: A simple graph with
three communities.

In previous research in the effort to understand better ways of assigning the elements of a network to two

different communities,2-covers for a graph and a particular sub-set of the 2-covers has been explored to

derive the partitions of a set of nodes into two non-empty sub-sets. Subsequently this paper explores the
partitions of a set of nodes into three non-empty sub-sets. As these 2-covers and partitions were visualized,

the observations were that the sets of points exhibit fractal patterns. The rest of this paper is structured as
follows: The fractal patterns that emerge when visualizing partitions of a set into three non-empty subsets
are presented in the following sections.
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Background and Related Work
The current work on related subject is being conducted for 2 partition into two non empty subsets.

This work results in graphs that have triangular patterns where the diagonal of the triangle depicts the
optimal community with largest number of nodes.
2 Partitions into two nonempty subsets
When considering a set with two elements, there is only one way of splitting that set into two partitions.

Let’s consider the set {a, b}, then the two possible nonempty subsets are {a} and {b}. If we represent a as

bit 0 and b as bit 1 in words with two bits and look at the partition as a point in the Cartesian plane, one
obtains finite combinations for the set with 0's and 1's that can be plotted on the graph. Results of the
same can be seen in Figure 2 and 3:

Figure 2: Two partition for a set
with two elements

Figure 4: Two partitions for a set
with four, fix, six and seven nodes

Here the point with coordinates (1, 2) represents the partition. One could argue that the point (2, 1) would

also be a valid representation of the same partition. We will be using the convention that we will be
choosing the point for which x < y and ignore the symmetric alternative. This can be depicted in the table 1.
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Based on the set {a, b}, let the elements of the set be considered as nodes. Let the label for those two
nodes be 0 and 1.Allowing for redundant community assignments, for now, there are sixteen cases to

consider. We will reject a particular combination if:

1. The combination of values does not cover all nodes in the graph
2. Both communities contain all nodes

Plotting the values in Table 1 with the decimal values of 00, 01, 10 and 11, produces the graph in Figure 5.
Keeping the redundant (symmetric) community assignments aside . For instance, if we have a community

assignment where community 0 contains node 0 and community 1 contains node 1, we want to ignore the

(symmetric) assignment where community 0 contains node 1 and community 1 contains node 0. This
removes several points from the previous plot and leaves the set of covers depicted in Figure 6.

Program Requirements
C++ has been used to generate all possible nodes in the communities. The result of the C++ code output is
being stored in an out file which is then used to get data to plot the graphs .
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Matplotlib library in Python is used to plot the data points to the graph to obtain images of the graph that

display the triangular structures that is the expected output of the project.

Implementation
For the partitions into two non-empty subsets when considering all possible combinations of the nodes in
the community, valid Cover is derived when the particular combinations are found after rejecting a few
based on following criteria: The Combination of values does not cover all nodes in the graph and Both
communities contain all nodes. These results are then visualized. The plots are in two dimensions.

Similarly, for 3-partitions, the results are more visually appealing. The plots are now in three dimensions.
There is only partition of a set of 3 elements into 3 partitions. If one considers the set {a, b, c}, then the
only partition into three components is {a}, {b}, {c}. If we rename
1. a as bit 0 and

2. b as bit 1 and

3. c as bit 2 on words with three bits

The observations are: one single point with coordinates (4, 2, 1).
As the process is repeated for sets with 4, 5, 6 and 7 elements, a triangular “Cuasi-fractal” pattern can be
observed. Figure 4 shows the 3-d plots of the 3-partitions for sets with four, five, six and seven elements.

When the 3-partitions for sets are compared with four and five nodes, the result is that the 3-partition for

four nodes appears in the upper left area of the 3-partition for five nodes, along with a new set of values.

The same can be observed when one compares the 3-partitions for five and six nodes. Thus deriving
patterns that are consistent.

Results
Figure 4:
3- Partitions of sets with n number
of elements.
The images derived via the 3-d
Plotting here are similar to the
Sierpinsk'is images
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Figure 5: Non-redundant covers for
graph with seven nodes.

Right - Non-redundant three covers
graph with seven nodes(3D)

Conclusions and Future Work
From previous research it has been concluded that the sets of 2 and 3 partitions of a set of nodes and the set

of all possible 2-covers for graphs of different sizes exhibit recursive shapes. The present work tries to

prove that the same is true for three covers of graphs of different sizes. From the above work it can be seen
that it is true and that in fact produces three dimensional triangular shapes that are recursive.

2-covers produce shapes that are similar to the ones produced by Sierpinski’s Triangle. And the three
covers do not deviate from this behavior as expected. If it was possible to continue this work for further
dimensions, it may result in similar patters but the next dimensions are not visually fathomable.
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Appendices
This is a C++ programs for 2 Communities that generates non redundant nodes into an outfile.

This is a C++ programs for 3 Communities that generates non redundant nodes into an outfile.
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The outfile is passed as input to this python code to generate corresponding visualization
graphs in 2d and 3d.
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